The taxonomy of the Afrotropical and Malagasy Paraparatrechina fauna is revised for the first time. Thirteen species are revealed, of which eight are described as new:
Introduction
Recently LaPolla et al. (2010) elevated the formerly synonymized ant subgenus Paraparatrechina Donisthorpe (1947) to genus rank based on both morphological and molecular data. A full diagnosis of the genus is provided by LaPolla et al. (2010) , but in summary Paraparatrechina are small (typically around 1-2 mm in total length) formicine ants, which often reflect a metallic iridescence (blue, purple and pink hues have been observed) under light microscopy. In darker species, the iridescence tends to be a darker bluish-purple, while lighter colored species either show little iridescence or reflect a more pinkish-purple hue. Paraparatrechina are usually easily distinguishable from other formicine genera by a unique mesosomal setal pattern: two pairs of erect setae on the pronotum, one pair on the mesonotum and one pair on the propodeum. Nylanderia, the genus most likely confused with Paraparatrechina, never possesses a pair of erect setae on the propodeum. The mandibles of Paraparatrechina also possess five teeth, while in Nylanderia six teeth are usually present.
Paraparatrechina is restricted to the Paleotropics. Only five species of Paraparatrechina were known from the Afrotropical and Malgasy regions prior to this study (LaPolla et al., 2010) . Therefore, this study, with the description of 8 new species, increases the known species richness of Paraparatrechina in these regions by nearly two-thirds. Twenty-five species and subspecies are currently known from Asia and Australia, although preliminary study suggests that there are many undescribed species, and the species total for the region will change once a revision of the fauna is completed (S. Shattuck, pers. comm.) .
One of the more surprising results of the LaPolla et al. (2010) study was that the two Afrotropical species formerly placed in Pseudolasius (bufonus and weissi), were found to belong in Paraparatrechina, with strong measures of clade support. This small group was treated by LaPolla (2004) and found to contain two valid species. The placement of bufonus and weissi within Paraparatrechina is elaborated upon in LaPolla et al. (2010) and we do not treat these species here as part of this revision, although they are listed in the provided key. Examination of the male genitalia of P. albipes and P. glabra in this study (fig. 15 ) revealed that the parameres and penis valve structures of these two species are very similar to the same structures described for P. bufonus (LaPolla, 2004) , adding additional morphological support for the placement of P. bufonus and P. weissi within Paraparatrechina.
Very little is known about the biology of Paraparatrechina in the Afrotropical and Malagasy regions. They have been found in a wide range of tropical habitats from rainforests to forest clearings in sifted leaf litter, rotten logs, under stones, and from beating vegetation and fogging samples from the forest canopy. Most of the specimens we examined for this study were the results of leaf litter survey work, but some Paraparatrechina may live above the leaf litter in vegetation or higher up in the canopy, as several species were collected by beating vegetation or fogging.
We report here the first taxonomic revision of Paraparatrechina in the Afrotropical and Malagasy regions. A total of thirteen species are revealed and a key to the species is provided. [examined] . The description mentions two specimens, which are assumed to have been workers since only workers were described by Emery, but of the two specimens labeled types for this species in MSNG, one of them is a queen. It remains unclear if this specimen is one of the syntypes or not, although a queen was not mentioned in the original description. Emery, 1914: 422, combination in Prenolepis (Nylanderia); Emery, 1925: 218, combination in Paratrechina (Nylanderia); LaPolla et al., 2010: 128, combination in Paraparatrechina. Worker diagnosis: mesosomal dorsum (primarily pronotum and mesonotum) much lighter (almost white in some specimens) than remainder of mesosoma, head and gaster; white pubescence covering body. Head brown, with contrasting yellowish-brown antennae and mandibles; head slightly longer than broad. White colored pubescence covers head in neat longitudinal rows. Scapes surpass posterior margin by about the length of the first 2-3 funicular segments. Lateral parts of mesosoma brown, and typically a distinctly white to whitish-yellow patch covers the dorsum of the pronotum and mesonotum, with the dorsum of the propodeum whitish to lighter brown. Fine, white pubescence covers entire mesosomal dorsum. Pronotum rises slightly more than 45° from anterior margin to dorsum; mesosoma compact; propodeum dorsum gently rounded. Procoxae brown, meso/metacoxae and trochanters white. Femurs brown posteriorly becoming white towards anterior ends; tibiae and tarsi white; gaster brown, sometimes slightly lighter colored around segmental margins.
QUEEN Head brown, with bulging large eyes that occupy most of the lateral region of the head; head slightly broader than long. Palps distinctly lighter than head in color. A dense layer of pubescence covers head, with scattered erect setae along mid-region, posterior margin and clypeus. Scapes surpass posterior margin by about length of the first 2 funicular segments; antennae 13-segmented. Mandible with apical tooth and an indistinct basal angle. Mesosoma same color as head; pronotum short and collar-like; mesonotum large, rounded anteriorly, overarching pronotum; mesosoma dorsum flat, with suberect setae. Gaster slightly darker brown than head and mesosoma, covered with pubescence and scattered erect setae. Parameres elongate, with scattered erect setae, especially towards apices. ' E, 2° 21.60' N, 25.v.2001, elev. 350 Gambari, 10.vi.1969 (B. Bolton); Gambari, 18.vi.1969 (B. Bolton) ; Gambari, 15.vii.1969 (B. Bolton); Ibadan, 18.v.1981 (A. Russell-Smith) ; TOGO: Palime, Klouto For, 20-25.vi.1974 (Vit) Notes. This species has an unusual coloration pattern and is usually easily identifiable, with most specimens exhibiting a striking white patch on the mesosomal dorsum that contrast strongly with the darker body. There is variation in the degree of how large and white the patch is, with some specimens barely exhibiting a white patch at all. Sometimes the patch can also be of a more yellowish color rather than white.
Paraparatrechina brunnella LaPolla and Cheng, sp. nov. (Fig. 3 Worker diagnosis: small size (TL 1.2-1.6); head, mesosoma, and gaster brown, contrasting with yellowishbrown antennae and mandibles; golden pubescence covering body (especially visible on head). Head brown, with contrasting yellowish-brown antennae and mandibles; cuticular surface shining; head slightly longer than broad. Golden pubescence covers head. Scapes surpass posterior margin by about the length of the first funicular segment. Mesosoma brown and compact; fine golden pubescence covers entire dorsum of mesosoma. Pronotum rises steeply from anterior margin to dorsum. Propodeum low, with a very short, angular dorsal face followed by a long declivitous face; petiole yellowish-brown. Procoxae brown; meso/metacoxae whitish-yellow; trochanters white; femurs and tarsi yellowish-brown, becoming lighter towards last tarsal segments; gaster brown.
Etymology. The species epithet is a Latin diminutive adjective meaning brown and small, in reference to the main color of the body and the generally small size of ants in this genus. Notes. P. albipes could be confused with this species if the pro/mesonotal white patch is not distinct on P. albipes. P. brunnella possess more pubescence on the head and mesosoma than P. albipes, and has a shorter scape (brunnella range: 0.35-0.46 mm compared with albipes range: 0.48-0.53 mm).
Paraparatrechina concinnata LaPolla and Cheng, sp. nov. (Fig. 4 Head brown, with contrasting yellowish-brown antennae and mandibles; cuticular surface shining; head distinctly longer than broad. Golden pubescence covers head in neat longitudinal rows. Scapes surpass posterior margin by about the length of the first 3-4 funicular segments. Mesosoma brown and elongate; golden pubescence covers entire dorsum of mesosoma in neat rows. Pronotum rise shallow, less than 45° from anterior margin to dorsum; propodeum low, with a long, rounded dorsal face; declivitous face longer. Procoxae brown, with meso/metacoxae typically whitish-yellow, although some specimens have completely brown coxae; trochanters white; femurs are lighter brown, with white tarsi; gaster brown.
Etymology. The species epithet is a Latin adjective for skillfully put together, in reference to the elongated, graceful mesosoma and head of this species. PN Dzanga-Ndoki, 38.6 km 173° S Lidjombo, 16° 3.20 ' E, 2° 21.60' N, 25.v.2001, elev. 350 Paraparatrechina gnoma LaPolla and Cheng, sp. nov. (Fig. 5, 16, Head brownish-yellow, with lighter yellow colored clypeus, mandibles, and antennae and area around torulae. A fine, short pubescence covers the head. Scapes surpass posterior margin by about the length of the first 2 funicular segments. Mesosoma compact, laterally brownish-yellow, with dorsum lighter yellow, and a fine pubescence covering the entire mesosomal dorsum. Pronotum rises very steeply from anterior margin to dorsum; propodeum possesses a short, angular dorsal face, with a long declivitous face. Procoxae typically brownish-yellow as in mesosoma, although procoxae in some specimens are lighter yellow; overall, the legs are brownish-yellow, becoming yellow towards last tarsal segments; gaster brownish-yellow becoming lighter yellow around segmental margins.
Etymology. The species epithet is a Latin noun in apposition for dwarf, in reference to the fact that this is the smallest species of Paraparatrechina currently known from the Afrotropics. Non-type material examined: GHANA: Enchi, 23.v.1969 (D. Leston); Enchi, 27.v.1969 (D. Leston); Enchi, 28.v.1969 (D. Leston) ; Mankrang For., Res. Nr. Akomadan, 11.iii.1992 (Belshaw) ; NIGERIA: Onipe, 25.vii.1975 Notes. This species is most likely to be confused with P. oreias, but can separated by its overall smaller size in head width and length and scape length. P. gnoma is currently the smallest known Afrotropical Paraparatrechina species, although P. brunnella is very small as well (TL: 1.23-1.58).
Paraparatrechina oreias LaPolla and Cheng, sp. nov. (Fig. 6, 16, Head yellow, with darker segmental and mandibular margins; slightly longer than broad. A fine, short pubescence covers the head. Scapes surpass posterior margin by about the length of the first 2 funicular segments; scapes with appressed pubescence. Mesosoma compact, yellow to slightly brownish-yellow laterally; fine pubescence covers dorsum. Pronotum rises very steeply from anterior margin to dorsum. Mesonotal area distinct, with prominent mesonotal spiracles. Propodeum possesses a short, angular dorsal face, with a long declivitous face. Legs yellow, with trochanters sometimes whitish-yellow; gaster brownishyellow becoming lighter yellow around segmental margins.
Etymology. The species epithet is a Greek noun in apposition for mountain nymph, in reference to the type locality on Mt. Cameroon.
Non-type material examined: CAMEROON: Prov. Sud-Ouest Mnt., Cameroon, 3.8 km 330° NNW Mapanja, 9° 9.1' E, 4° 6.5' S, 16.iv.2000, elev. 1440 m (B.L. Fisher) Notes. The layer of appressed pubescence covering the head and scapes effectively separates this species from P. subtilis, the species most likely to be confused with P. oreias.
Paraparatrechina splendida LaPolla and Cheng, sp. nov. (Fig. 7, 16, Worker diagnosis: body dark brown; mesosoma elongate (WL: 0.71-0.83); head distinctly longer than broad with long scapes; antennae and mandibles typically as dark brown as the head. Head dark brown (the darkest brown of any described Afrotropical Paraparatrechina); cuticular surface shining; head distinctly longer than broad. White and short pubescence covering head, with longer pubescence on clypeus althought not as dense as on head. Mandibles dark brown to slightly lighter brown color than head. Scapes, dark brown to slightly lighter brown color than head, surpass the posterior margin by about the length of first 5 funicular segments; scapes with distinctly short pubescence. Pubescence covers entire mesosomal dorsum. Pronotum rise about 45° from anterior margin to dorsum; mesosoma elongate; dorsal face of propodeum gently rounded, with declivitous face of about the same length. Legs dark brown, but tarsi typically much lighter; tarsi typically become whiter towards the last tarsal segment in many specimens. Trochanters typically lighter brown than mesosoma; gaster dark brown as in the head and mesosoma, with white pubescence.
Etymology. The species epithet is a Latin adjective for splendid or gleaming, in reference to brilliant bluish-purple iridescence reflected on the cuticle of this species.
Non Notes. This is the largest and darkest colored Afrotropical Paraparatrechina. This species may be confused with P. concinnata, but can be separated from that species based on the following differences: 1) color (P. splendida is a darker brown and the antennae, mandibles and coxae are the same color as the body, unlike in P. concinnata), 2) the length of the scape (P. splendida scape length is greater than 0.72 mm), and 3) longer profemora. The similarly shaped mesosomas of in P. splendida and P. concinnata, as well as their distinctly long heads, scapes, and femurs suggests that these two species are close relatives. (Fig. 8, 16, 17) Prenolepis (Nylanderia) subtilis Santschi, 1920: 174 (worker described) . Holotypeworker, SENEGAL: Casamance (C. Paveau) (NHMB) [examined] . Emery, 1925: 218, combination in Paratrechina (Nylanderia); LaPolla et al., 2010: 128, combination in Paraparatrechina. Prenolepis (Nylanderia) subtilis termitophila Santschi, 1921: 122 (worker described Head yellow to light brown; cuticular surface shining. Short, decumbent pubescence covers head, especially lateroposteriorly, where it is longer than remainder of head. Scapes surpass posterior margin by about the length of the first funicular segment. Scapes covered in short, decumbent pubescence across their length. Mesosoma yellow to light brown and compact; fine pubescence covers entire mesosomal dorsum, although pubescence sparser on dorsal face of propodeum. Pronotum rises very steeply from anterior margin to dorsum. Mesonotal area distinct, with prominent mesonotal spiracles. Dorsal face of propodeum short, gently rounded, with longer declivitous face. Legs same color as remainder of the body; gaster yellow, covered in a dense layer of pubescence. Notes. This is a light colored species that can be distinguished by the presence of short, decumbent pubescence on the head and scapes, an uncommon character state for Paraparatrechina species. P. umbranatis also has decumbent pubescence on the head and scapes (although the pubescence is not as long), but can easily be distinguished from P. subtilis by the dark gaster contrasting with the lighter head and mesosoma. Unfortunately, type specimens of P. subtilis termitophila could not be located for this study (they were not found in NHMB by curator Daniel Burckhardt, pers. comm.). Based on the written description by Santschi (1921) there seems to be little to distinguish it from P. subtilis, thus our placement as a synonym. Paraparatrechina umbranatis LaPolla and Cheng, sp. nov. (Fig. 9, 16, Head yellowish-brown to light brown, with antennae mandibles, and medial area between antennae slightly lighter; head slightly longer than broad. A dense layer of fine, short, slightly decumbent pubescence covers head. Scapes surpass posterior margin by about the length of the first funicular segment; scape with a dense, slightly decumbent pubescence. Mesosoma yellowish-brown to light brown; fine pubescence covers entire mesosomal dorsum; lateral portions of the mesosoma are distinctly shinier than the dorsum. Pronotum rises steeply from anterior margin to dorsum. Propodeum possesses a short, angular dorsal face, with a long declivitous face. Legs generally lighter colored than mesosoma, becoming whitish towards last tarsal segments. Procoxae usually darker brown than meso/metacoxae; gaster conspicuously darker than head and mesosoma and is covered in a dense layer of pubescence. Etymology. The species epithet is a Latin noun in apposition, a compound of umbra (=shade) and natis (=rump), in reference to the fact that the gaster is much darker in color than the head and mesosoma. Notes. This species is easily recognizable by the distinctly darker gaster (brown) contrasting with the yellow-brown head and mesosoma. While many Paraparatrechina species display various coloration patterns between the different tagmata this is the only species that could be considered truly bicolored.
Paraparatrechina subtilis (Santschi, 1920)

Malagasy Species
Paraparatrechina glabra (Forel, 1891) (Figs. 10, 11, 15F-J, 16, 17) Prenolepis glabra, Forel, 1891: 92 (worker described). 3 syntype workers examined, MADAGASCAR (MHNG). Emery, 1914: 422, combination in Prenolepis (Nylanderia); Emery, 1925: 219, combination Head brownish-yellow to yellowish-brown, with darker segmental and mandibular margins; head slightly longer than broad. Head pubescence variable from appressed to suberect, with a shining cuticular surface. Scapes surpass posterior margin by about the length of the first 4 funicular segments; scapes with appressed pubescence. Mesosoma brownish-yellow to yellowish-brown and elongate; fine, appressed pubescence covers entire mesosomal dorsum. Pronotum rises about 45° from anterior margin to dorsum; propodeum possesses a short, angular dorsal face with a long declivitous face. Legs are often lighter in color than the mesosoma, with the trochanters and tarsi often whitish-yellow. The gaster is similarly colored as head and mesosoma.
QUEEN al.); Prov. Toamasina, Ambodiriana, 49° 42.7' E, 16° 40.34' S, 18.xii.2005, elev. 125 m (Fisher et al.) ; Prov. Toamasina, Analalava, 49° 27.24' E, 17° 42.57' S, 27.xi.2005, elev. 50 m (Fisher et al.) ; Prov. Toamasina, Betampona, 49° 11.98' E, 17° 55.44' S, 28.xi.2005, elev. 390 m Fisher et al.) ; Prov. Toamasina, Betampona, 49° 12.15' E, 17° 53.20' S, 17.xii.2005, elev. 520 m (Fisher et al.) ; Prov. Toamasina, For t Tampolo, Parcelle E3, 10 km NE Fenerive-Est., 49° 26' E, 17° 17' S, 14-15.iv.2004, elev. 10 m (Fisher et al.) ; Prov. Toamasina, For t Tampolo, Parcelle K7, 10 km NE Fenerive-Est., 49° 25' E, 17° 17' S, 16-17.iv.2004, elev. 10 m (Fisher et al.) ; Prov. Toamasina, For t Tampolo, Parcelle K9, 10 km NE Fenerive-Est., 49° 268' E, 17° 175' S, 19-20.iv.2004, elev. 10 m (Fisher et al.) ; Prov. Toamasina, For t Torotorofotsy, 14.9 km 71° ENE Moramanga, 48° 20.8' E, 18° 52.2' S, 24-29.iii.2004 , elev. 1050 ; Prov. Toamasina, Foret Ambatovy, 14.3 km 57° NE Moramanga, 48° 19.2' E, 18° 51.5' S, 19-23.iii.2004 , elev. 1075 ; Prov. Toamasina, F. C. Andriantantely, 48° 48.8 E, 18° 41.7, S, 7-10.xii.1998, elev. 530 m (H. J. Ratsirarson); Prov. Toamasina, F.C. Sandrnantitra, 49° 5.5' E, 18° 2.9' S, 18-21.i.1998, elev. 450 m (H. J. Ratsirarson); Prov. Toamasina, Kalalao, 49° 53.24' E, 16° 55.35' S, 24-27.xi.2005, elev. 100 m (Fisher et al.) ; Prov. Toamasina, Mahavelona (Foulpointe), 49° 30.0' E, 17° 40.0' S, 11-17.xii.1993 (A. Pauly); Prov. Toamasina, Mont. Akirindro, 7.6 km 341° NNW Ambinanitelo, 49° 32.9' E, 15° 17.3' S, 17-21.iii.2003, elev. 600 m (Fisher et al.) ; Prov. Toamasina, Mont. Anjanaharibe, 18 km 21° NNE Ambinanitelo, 49° 36.9' E, 15° 11.3' S, 8-12.iii.2003, elev. 470 m (Fisher et al.) ; Prov. Toamasina, Mont. Anjanaharibe, 19.5 km 27° NNE Ambinanitelo, 49° 38.1' E, 15° 10.7' S, 12-16.iii.2003 , elev. 1100 ; Prov. Toamasina, PN Mananara-Nord, 49° 47.25' E, 16° 27.3' S, 14.xi.2005, elev. 225 m (Fisher et al.) ; Prov. Toamasina, Mandrisy, 49° 50.82' E, 16° 29.14' S, 11-14.xi.2005, elev. 10 m (Fisher et al.) ; Prov. Toamasina, PN Mantadia, 48° 25.6' E, 18° 47.5' S, 25-28.xi.1998 -28-1.xii.1998 (Fisher et al.) Notes. Due to the range of sizes observed in workers, we ran a PCA (principal components analysis) using a correlation matrix including the following variables: HW, HL, SL, and WL to determine whether or not cryptic species could be detected with quantitative morphological data. Only the first principal component (PC) axis was significant and it explained 94% of variation in the data. The second PC axis explained 2.6% of variability in the data and was not significant. PC 1 reflected overall variation in worker body size: all of the original variables were highly correlated with PC 1 (r > 0.05). Low PC scores were correlated with large body measurements. Conversely, large PC scores were correlated with small body measurements. Linear regression showed that PC 1 scores (i.e., body size) were significantly related to elevation of sample site (R 2 = 43%, p < 0.0001). Small ants were collected at low elevations and larger ants were collected at higher elevations. Therefore, we interpret the morphological size variation observed in P. glabra as clinal variation. It would be instructive to test this hypothesis with molecular data in future analyses.
Workers of this species are easily distinguished from the other Malagasy Paraparatrechina by the presence of large eyes.
Paraparatrechina myops LaPolla and Fisher, sp. nov. (Fig. 13, 16, Head yellow, with slightly lighter yellow antennae; cuticular surface shining. Pubescence covering head appressed, but long, giving it a shaggy appearance. Scapes surpass posterior margin by about the length of the first 3-4 funicular segments; scapes covered in short, decumbent pubescence. Mesosoma yellow and compact; a fine pubescence covers entire mesosomal dorsum. Metanotal area distinct, with prominent mesonotal spiracles. Pronotum rises steeply from anterior margin to dorsum. Propodeum possesses a short, slightly rounded dorsal face, with a long declivitous face. Legs yellow and in some specimens the trochanters and tarsi are slightly lighter yellow; gaster yellow.
Etymology. The species epithet is a Greek noun in apposition for mouse eye, in reference to the small eyes found in this species.
Non-type material examined: MADAGASCAR: Prov. Antsiranana, R.S. Manongarivo, 14.5 km 220° SW Antanambao, 48° 25.7' E, 13° 59.9' S, 20.x.1998 Antanambao, 48° 25.7' E, 13° 59.9' S, 20.x. , elev. 1175 Notes. There are two species of Malagasy Paraparatrechina that possess small eyes, P. myops and P. ocellatula. Interestingly, both appear to be montane species. These two species are difficult to separate, their main distinguishing feature being the different sizes of various anatomical structures. P. myops is a much larger species and also possesses decumbent pubescence on the scapes; P. ocellatula is a smaller species overall, and possesses appressed pubescence on the scapes. Given the propensity of Prenolepis genus-group species to evolve worker polymorphism (LaPolla et al., 2010) , we at first considered P. myops to be larger workers of P. ocellatula. However, plots of their corresponding morphological data clearly indicate the presence of two groups ( fig. 16E ) rather than continuous variation. As a result, we have chosen to consider these two groups as distinct species based on their significant morphometric differences, but as molecular and other forms of data become available the specific status of both P. myops and P. ocellatula should be reexamined.
Paraparatrechina ocellatula LaPolla and Fisher, sp. nov. (Fig. 14, 16, 17) FIGURE 15. Scanning electron micrographs of Paraparatrechina male genitalia. P. albipes (A-E): A, dorsal view; B, lateral view; C, ventral view; D, digitus and cuspus; E, penis valve (ectal view). P. glabra (F-J): F, dorsal view; G, lateral view; H, ventral view; I, digitus and cuspus; J, penis valve (ectal view). FIGURE 17. Distribution of Paraparatrechina species. NOTE: The specimens of brunnella and umbranatis from Kenya were received after the proofing stage of this paper and are not included on the maps above. Instead, the Kenya locality records can be found under the non-type materials examined section of each species.
